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Design Specifications for the UV Beam Transport, 

Conditioning and Launch System. 
 
 
The input of the UV beam transport, launch and conditioning system is the UV beam 
emerging from the Injector Drive Laser system (see ESD-1.2.202). The purpose of the 
Transport, Launch and Conditioning system is to deliver the beam to the injector 
photocathode and to bring the UV beam parameters into compliance with the injector 
specifications [1, 2, 3].  
 
The following table summarizes the UV beam specifications on the photocathode: 
 
Parameter Nominal Spec Tolerance 
Central Wavelength 255nm   
Pulse Energy >0.4mJ 

 
<2% RMS variation (shot-
to-shot) 

Fluence Profile  Uniform (adjustable) <20% (peak-to-peak) on 
single pulse 

Spot Radius Adjustable from 0.6mm to 
1.5mm 

<4% (Shot-to-shot) 

Profile Centroid Stability <10% radius (RMS)  Shot-to-shot 
Repetition Rate 120Hz, 60Hz, 30Hz, 10Hz, 1Hz 

, single shot  
 

Power Profile 
 

Uniform 
 Adjustable slope -10%+20%  

<8% peak-to-peak over 
flattop on single shot  
Slope on flat-top within 
3% of goal 

Profile Rise/Fall time 1.0ps (10% to 90%)  
Profile FWHM 10 psec   

(adjustable from 5 to 
20 psec) 

< 2 % RMS 
(over multiple shots) 

Timing Jitter 
(with respect to the external RF 
source) 

< 0.5 psec 
(shot-to-shot) 

 

 
 
The losses in the Transport and launch system should not exceed 84%. This enables the 
delivery of 0.4mJ pulse energy requirement to the photocathode. 
 
The pulse repetition rate of the Laser system is controlled by the Pulse Picker containing 
a Pockels cell and polarizers. Rotating the polarization of the laser beam by varying the 
voltage across the Pockels cell implements the rejection of the unwanted pulses by the 
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polarizer and as a result establishes the repetition rate of the system.   The Pulse Picker 
will be placed after the final amplifier of the laser system and before the compressor. (See 
Fig.1) 
 

 
 
 
 
Fig.1   
Block-diagram of the Laser system 
 
 
 
 
The Pulse Picker can serve also as the energy control unit. Adjustment of the Pockels cell 
voltage will control the polarization of the beam and thus the portion of the beam energy, 
which will be transmitted by a polarizer.  
 
The other way to control the level of output laser energy is by controlling the Attenuation 
Unit, which is the part of the drive laser system purchased from the vendor. The 
Attenuation Unit consists of a zero order half waveplate and a Glan polarizer. The 
angular position of the waveplate defines the portion of the energy, which goes through a 
polarizer. 
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The level of the pulse energy on the photocathode should be regulated by the electron 
bunch charge level measured by IM01 toroid (see PRD 1.2-030). When operated in the 
closed loop, the laser energy will be controlled using the Pulse Picker with the control 
loop capable of operating at 120Hz. 
 
 
The diagram of the Transport, Launch and Conditioning system is presented on Fig. 2 
 
 

 
 
Fig. 2  
Diagram of the Transport Launch and Conditioning System 
 
The conditioning system will incorporate the spatial profile shaping in order to meet the 
uniform spatial fluence profile requirement. Spatial profile flattening will be 
accomplished by using the aspheric optical system – Beam Shaper [4]. The size of the 
UV laser beam emerging from the Drive Laser system should be altered by the telescope 
in order to meet the Beam Shaper input requirements. Spatial filtering upstream of the 
Beam Shaper could be used if needed. The Beam Shaper will be located in the laser bay 
on the same optical table as the Drive laser system. The circular aperture will be placed 
next to the Shaper output. The Relay optical system will image the circular aperture and 
the Shaper output to the photocathode through the transport tube. The relay system 
should contain adjustable zoom component, which alters the magnification of the system 
in order to achieve the required beam size on the photocathode.  There is the option to 
replace the aperture at the Shaper output by the smaller one in case the smaller than 
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0.6mm beam radius on the cathode is required. However it will decrease the amount of 
energy delivered to the photocathode. 
 
Vacuum cell will be used when needed to avoid the air breakdown and phase distortions 
due to high power density in the focal planes of the lenses. 
 
The beam from the Laser Bay is guided down to the RF gun region, which is housed in 
the tunnel, through the UV beam vertical transport tube. The length of the beam path 
exceeds 8 m. The transport tube carrying the UV beam should be under the rough 
vacuum (10-3 torr) in order to avoid beam distortion.  
  
UV launch system diagnostics should be located at the gun site in the tunnel to monitor 
UV pulse energy and the transverse spatial profile of the beam at the photocathode. It 
should use “virtual cathode” concept: the light path to the beam profiler camera should be 
identical to the light path to the cathode. The attenuator consisting of the half waveplate 
and polarizer should be installed in front of the camera. Angular position of the 
waveplate, which defines the portion of the beam energy transmitted through polarizer, 
should be controlled remotely.  
 
The optical transport system should include UV beam steering stabilization apparatus, 
which provides beam positioning stability on the photocathode with the 0.06mm 
accuracy. The signal from the camera, which is registering the change of the centroid 
position of the portion of the laser beam, drives the appropriate mirror (M6 on the Fig.2 
and 3) to keep this position constant. Beam steering stabilization apparatus consists of the 
two loops: the first - stabilizes the beam position at the output of the transport tube and 
compensates for the relative shift of the laser bay and tunnel setups, the second – on the 
cathode. The second beam steering stabilization loop should be driven by the signal from 
the virtual cathode camera. This loop should also implement beam steering over the 
photocathode in search of the electrical center while operating in the open loop regime. 
The virtual cathode camera setup should have ability to remotely move the camera 
transversely both vertically and horizontally in order to center the beam on the virtual 
cathode after the beam has been positioned on the electrical center of the photocathode. 
This stage should have position readbacks.  
 
The diagram of the Active Steering Stabilization System is shown on Fig.3 
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Fig. 3   
Diagram of the Active Beam Steering Stabilization System 
 
 
The beam after the launch and conditioning system will go through the vacuum window 
to the in-vacuum mirror, which will direct it to the photocathode. 
 
The shutter, which is the part of the Machine Protection System should be placed 
upstream of the Vacuum window. 
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